Epigenetic germline mosaicism in infertile men.
Imprinted genes are expressed either from the paternal or the maternal allele, because the other allele has been silenced in the mother's or father's germline. Imprints are characterized by DNA methylation at cytosine phosphate guanine sites. Recently, abnormal sperm parameters and male infertility have been linked to aberrant methylation patterns of imprinted genes in sperm DNA. However, these studies did not account for possible epigenetic heterogeneity in sperm. We have investigated whether spermatozoa are a homogeneous cell population regarding DNA methylation of imprinted genes. Swim-up sperm was obtained from 45 men with normal (n = 19) and abnormal (n = 26) sperm parameters. DNA methylation of the imprinted gene KCNQ1OT1 was measured in multiple pools of 10 spermatozoa by a highly sensitive pyrosequencing-based oligo-sperm methylation assay (OSMA). DNA methylation of four imprinted genes (KCNQ1OT1, MEST, H19 and MEG3) was further analysed by deep bisulfite sequencing, which allows analysis at the single-cell level. Using OSMA, we found a significantly increased variation in the DNA methylation values of the maternally methylated gene KCNQ1OT1 in samples with abnormal sperm parameters. DBS showed that normozoospermic samples had a homogenous pattern of DNA methylation, whereas oligoasthenozoospermic samples contained discrete populations of spermatozoa with either normal or abnormal methylation patterns. Aberrant methylation of H19 appears to occur preferentially on the maternally inherited allele. Our results demonstrate the presence of epigenetic mosaicism in the semen of oligoasthenozoospermic men, which probably results from errors in imprint erasure.